PERIODIC AND OSCILLATORY MOTIONS

L]

Periodic motion : Any motion which repeats itself after
regular interval of time is called periodic motion. The
time interval after which the motion is repeated is called
time period or period of motion.

Examples of periodic motion :

o Motion of hands of a clock. The period of motion
of hour’s hand of a clock is 12 hours, of minute’s
hand of a clock is 1 hour and of second’s hand of
a clock is 1 minute.

o The revolution of earth around the sun. Its period

of revolution is 1 year
O Motion of electron around the mucleus.
O Motion of a ball in a bowl.
G Motion of a liquid in U-tube.
A periodic motion can be either rectilinear or closed or
open curvilinear.
In case of periodic motion, force is always directed
towards a fixed point which may or may not be on the
path of motion.
Oscillatory motion : A periodic motion in which body
moves to and fro (or back and forth) along the same
path about a fixed point (called mean or equilibrium
position) is called oscillatory or vibratory motion.
Oscillatory or vibratory motionis a constrained periodic
motion between two fixed limits (called extreme
positions) on either side of mean position.
Examples of oscillatory motion :
O Motion of the pendulum of a wall clock.
G Motion of needle of a sewing machine.
G Motion of the prongs of a tuning fork.
Every oscillatory motion is periodic but every periodic
motion need not be oscillatory e.g, circular motion is a
periodic, but it is not oscillatory motion.

SOME TERMS RELATED TO PERIODIC MOTION

Time period : It is defined as the smallest interval of
time after which the motion is repeated. It is denoted
by symbol 7. Its SI unit is second.

The orbital period of the planet Mercury is 88 earth
days. The Halley’s comet appears after every 76 years.
Freguency : It is defined as the number of oscillations
per unit time. It is denoted by symbol v.

The relation between v and T is

ool
T
The ST unit of frequency is hertz(Hz).
1 hertz =1 Hz = | oscillation per second

=1s
The beat frequency of heart is 1.25 Hz and its period is
0.8s.
Note:The frequency v is not necessarily an integer
Angular freguency : ® =2nv= %
The SI unit of @ is rad s7%.
Displacement : Itrefers to the change in physical quantity
under consideration with time. It represents changes
in physical quantities with time such as position, angle,
pressure, electric and magnetic {ields etc.
In case of an oscillating simple pendulum, the angle
measured from the vertical as a function of time is a
displacement variable.
Displacement variable is measured as a function of
time,-and it can have both positive and negative values.
Displacement can be represented by a mathematical
function of time. In case of periodic motion, the
displacement can be given by
x = 1) = Acos®t or y = f(#) = Asinot
where A4 is called amplitade.

PERIODIC FUNCTION

®

A function f(£) is said to be periodic, if

FO=f@+D
where 7T is the time period of the periodic function.
Any periodic function can be expressed as a
superposition of sine and cosine functions of different
time periods with suitable coefficients. _
sin®?, coswt and sin®wt + coswt are the periodic

functions with a period 2n
®

¢ and log(w?) are non periodic functions.

SIMPLE HARMONIC MOTION (SHM)

It is a kind of periodic motion, in which a particle moves
to and #o (or up and down) about a mean position
under a restoring force, which is always directed
towards the mean position and whose magnitude at
any instant is directly proportional to the displacement
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of the particle fiom the mean position at that instant.
ie., Fec—x or F=-kx

where £ is known as the force constant. The negative
sign shows that restoring force F ts always directed
towards the mean position.

The SI unit of £ is N m™ and its dimensional formula is
MLT2].

Examples of simple harmopic motion :

G Motion of bob of a simple pendulum.

O Motion of a block connected to spring.

Every periodic motion is not simple harmonic motion.
Only that periodic motion governed by the force law
F = —Jx is simple harmonic.

Note : Simple harmonic motion is the projection of a

uniform circular motion on a diameter of the reference |

circle.

Simple harmoric motion are of two types :

Q Linear simple harmonic motion : When a particle
moves to and fro (or up and down) about a mean
position along a straight line, then its motion is called
linear simple harmonic motion. e. g.,motion ofa block
connected to spring.

O Angular simple harmonic motion : When a system
oscillates angularly with respect to a fixed axis,
then its motion is called angular simple harmonic
motion. e.g., motion of bob of a simple pendulum.

Comparison between linear SHM and angunlar SHM

Linear SHM Angular SHM

.|Restoring force F = —kx

displacement. twist.
.| Acceleration Angular acceleration
a=-—x o=- EG
m 4

body. inertia of a body.
-{ The differential equation | The differential equation of
of linear SHM is angular SHM is
X o2 d’o
+@x=0 i 20~
22 2 +06=0

Restoring torque T = — C@
where C is the restoring
torque constant i.e.,
restoring torque per unit

where £ is the restoring
force constant i.e.,
restoring force per unit

where m is the mass of a | where / is the moment of

k
where ©° =—

" C
where @* = —
m I

DISPLACEMENT N SIMPLE HARMONIC MOTION

The displacement of a particle in SHM at any instant ¢
from its mean position is given by
x = Acos(wz + §)
y = Asin(of + §)

()
..Gi0)

¥

where 4 is the amplitude {maximum displacement on
either side of mean position) of motion, the argument
(w? + ¢) is the phase of the motion, ¢ is the initial phase
or phase constant {or phase angle) and ® is the angular
frequency.

Ifs is the span of a particle executing SHM, its amplitude

A=l
2

VELOCITY IN SIMPLE HARMONIC MOTION

Velocity of a particle in SHM is given by

d _ .
v=""= _odsin(ot + ¢)
dt

v= (m/ A% - x?
In SHM., velocity is maximum at the mean position and
minimum at the extreme positions.
The maximum value of velocity is called velocity
amplitude in SHM and is given by

v, = Awm.
The direction of velocity of a particle in SHM is either
towards or away from the mean position.
In SHM, the velocity varies simple harmonically with
the same frequency as that of the displacement.
In SHM, the graph between velocity and displacement

v?‘ )Cz

VA
If ® =1 rad s, then the graph will be a circle.

is an ellipse as

ACCELERATION IN SIMPLE HARMONIC MOTION

Acceleration of a particle in SHM is given by

2
- d_: =-w’4cos(wt + )
dr  dt”
a=-wx

In SHM, acceleration is proportional to the displacement
and is always directed towards the mean position.
In SHM, acceleration is maximum at the extreme
positions and minimum at the mean position.
The maximum value of acceleration is called
acceleration amplitude in SHM and is given by

a, = 4.
In SHM, the acceleration varies simple harmonically
with the same frequency as that of the displacement.
In SHM, the graph between acceleration and
displacement is a straight line which passes through
the origin and has slope (-®?).

PHASE RELATIONSHIP BETWEEN DISPLACEMENT,
VELOCITY AND ACCELERATION IN SIMPLE HARMONIC
MOTION

The displacement of a particle executing SHM is given by
x = Acos(wt + 9)

Velocity, v= ?— =— @4 sin(w? + ¢)
t

= ®ACoS l:(cot + &)+ gjl
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. dv .
Acceleration, a = o = dces{wt + )]

= 0% Adcos{{wr + ) + 7}
From above, we get that
Phase of displacement = (s + @)

Phase of velocity = [(.;f + 1) +.§

Phase of acceleration = (@ + ¢ + 7)
Thus, we conclude that

e  The velocity in SHM is leading the displacement by a
phase /2 radian.

e  The accelerztion in SHRM is leading the displacement
by a phase 7 radian.

@  The acceleration in SHM is leading the velocity by a
rhase 7/2 radian.

es SHM of period 1.2 s and amplitude 8 cm.

Find the time it takes to travel 3 cm from the positive

exiremnity of its oscillation,

[Given: cos 51* = 0.625]

Sel: The eguatien of SHM, when the particle starts
swinging from an extreme pg@sition, is

( 2t

X = g COS u}t=czcosl-—;»
LT

Now x = displacement from mean position !

or x={8~3})=5cm

S:SCOSL"%"Z{‘;:ﬂ %
r/ o F
Y 5 B L S
or 008(—: = = =(.525 ' '
7 3 I >
Sar) e
=cs51°—008(’ ) s
* 130 *
2t _ Six =
T 180
ST ixl2 oo
o TS .1g0 ze0 S

~. Time feor given travel = 0.17 sec.

Two particles execute SHM of same amplitude along the
same straight line. They cross each other when going in
oppasite directions, each time their displacement is half of
their amplitude. What is the phase diffeience between them?
Selm.: Let y; = @ sin w¢ represent one partticle,

¥, = @ sin (0 + ¢ represent other particle.

¢ = phase difference between the two SHM

& . .
When y, = a/2, we get 5 = g sin 0, fer one particle.

4
L

or sinwr= 5* = sin 30°

or @ir=30°

. . s @
For other particie, when y; = = we get

€
€
Tt

= g sin (0 + @)

[SRE-Y

|
or sin (0 + §)= 7 =sin 150°

T Y
o sin38° = 5in(180°% —30°) =— |
o

or @+ ¢=150° (i)
From (i} and (i},
30°+¢=150°  or 9=120"

Phase difference = 120¢.

The motion of a particle is given by

x = 4 sin ¢ < B cos . The mowen of the particle is
(a) not simple harmonic :

(b) simaple harmonic witk amplitude 4 + B

. L . A+ 8
{c) simple haimonic with amplitude- —

(¢) simple harmonic with amplitude /4% 4 BZ
Soln, {d} : x = 4 sin B¢+ B cos ¢

A . =
x=Adsmw + 8 sm(mt+i~)

=> x = R sin {0 + 8)

4% + B?

where R =
B\ Wl
= tan-l| —
and & = tan (QJ P >
SPRING PENDULUM
RN

# When a mass m is suspended from a 3
massless spring of spring constant &, then
its time period is given by

'?ﬁ
T B 2}:,. - L
K

& If M be the mass of the spring and mass  is suspended
Fom it, then the time period is given by :

T ETCJ i (fl%}n
o Ifaspring of spring constant £ is divided into NV eqgual
parts and one such part is aitached to a mass m, then

the time period is given by

T=27C”E

Nk
®  If two masses , and »i, are connected by a spring of
spring constant £, then the time period is given by

— k
TzZTu!ﬁ ™ i‘”’?!__
Yk FTITITIIITTITIIFI T

( mom, )
where g = reduced mass = ———=

L my+m,
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COMPOSITE SPRING PENDULUM

e If a spring pendulum is made by using two springs of
spring constants &, and &, respectively and mass ,
the following three situations are possible.

Series Parallel
i
k,
The etfective The effective The effiective
spring constant is | spring constant is | spring constant is
given by given by given by
1.1 1 ky=ky+hky k,=k, +k
ky, & Kk
kk
or k.= 12
T k +ky
The time period is | The time périod is | The time period is
given by given by given by
Tzzn\/‘ﬂ T=2m [ = T=2n /1
ks i kp i kp
Ik, + kn) m ’ m
=2q [——220| =2¢ =21, f——
Y kK (g + k) V& + &)

Note : When a spring of spring constant &, is cut into
two pieces of lengths /, and /,, then

L)
L)
L)

Y
lustration 4
At equilibrium, the springs are released, Mass M is
oscillating under the influence of three springs k,, &,
and k, as shown. Its frequency (v) of oscillation is

Spring constant of length /, = &, = k(l-ﬁ-

Spring constant of length [, = k, = k (l+

k
1 2 where k_ is such that
27:\/ M e
&,
BLLLE L &
& M
L e
-
Erictionless floor L
| _ktk vk
@ k= kot kot k) k=
1 1
@ TRt tE @kmthth-h

Soln. (a) : When the mass M
is displaced slightly to
the right, the resultant
forces acting on the
mass M 15 as shown.

Fo =~k + ky + k)x,

net

Thus, ke, =k, I k¥ K,
= (a) is correct.

Two bodies 4 and B of equal mass are suspended from
two separate massless springs of constant &, and %,
respectively. If the bodies oscillate vertically such that
their maximum velocities are equal, the ratio of the
amplitude of .4 to that of B is

@) i (b) 5
a e —
k2 k1
k, 2
c) -— d) %
(c) S (d) k
A 4 0]
Soln. (b) : Vimax 04, so, mAA4 mﬂAB el K
“B A
_ \[Z e e
m m ky

= (b) is correct.

lustration 6.

force constants k; and 4, are connected to
a mass m as shown. The frequency of oscillation of the
mass is L. Ifboth 4; and &, are made four times their original
values, the frequency of oscillation becomes

| k .m’" k. |
(a) 2v (b) v/2
(c) v/4 (d) 4v

Soln. (a) : In the given figure two springs are connected in
parallel. Therefore the effiective spring constant is

given by
l k, m’" k, l
k@[f= kl T k2

Frequency of oscillation,

U—i’kgﬁ' _J_’kl%kg
27l m T 2n m

As k; and k, are increased four times
New frequency,

()

(using (3).
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spended from a spring of negligible mass.
The spring is pulled a little and then released so that the
mass executes SHM of time period 7. If the mass is
increased by m, the time period becomes 57/3. Then the
ratio of m/M is

(a) 3/5 (b) 25/9

(c) 16/9 (d) 5/3.

Soln. (¢} : Initially, T =2nVM /%

. ST M+m
Finally, =~ = 27&3%—

S o |M o [Mtm
37T T T
gif_zfv_[-!—m
o 5% 3
f= 9% ; m _ 16
or OSm+9S M=25M or VAR

ENERGY IN SIMPLE HARMORNIC MOTION
&  The kinetic energy of a particle in SHM is given by

L .1 1 .
Kinetic energy K = —7—mv2 = 7mm°~A’-SmZ(mz +6)

1 2 el 2
=—mW-{ A~ - x*
3 ( )

e  Kinetic energy of a particle executing SHM 1is periodic
with period 7/2. It is zero at extreme positions and
maximum at mean position.

@  The potential energy of a particle in SHM is given by

Potential energy U = %kxz = =kA? cos?(wt + 9)

L

2
1 2 42 2

=3 mw?A* cos*{wt + ¢}

@  Potential energy of a particle executing SHM is periodic
with period 7/2. It is zero at the mean position and
maximum at the extreme positions.

e  Total energy of a particle in SHM is given by

E=K+U

1 .
=5 mn?A?sin?(of +¢ )+ —21—171032/12 cos*(wt + ¢)

1
= EmmzA2

e In SHM, total energy remains constant at all instants
and at all displacements. It depends upon the mass,
amplitude and frequency of vibration of the particle.

e In SHM, at the mean position total energy is in the
form of its kinetic energy and at the extreme positions,
total energy is in the form of its potential energy.

e  The average value of kinetic energy or potential energy
of a particle in SHM in a time of one complete
oscillation,

<K/ = <LI> = ém(uzAz.

But the average value of total energy of a particle in
SEM in one complete oscillation,

<E) = %mszz.
2
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If frequency of oscillation in SHM is v, then frequency
of oscillation of KE = frequency of oscillation of PE = 2v.

e In SHM, the frequency of oscillation of total energy is
zero.

If £, and £, represent the potential energy and kinetic
energy of a body undergoing S.H.M, then (£ is the total
energy of the body), at a position where the displacement
is half the amplitude,

E E 3E E
(a) EP=5’E[{=? (b) EP=—I,EK=Z-
E 3E E 2F
(©) EP=E’EK=_4“ (d) EPZ?’EK:T
- 1 20 42 2 — 4
Solm. (¢) : E. = Emw (A2 —x*) At x = 5
2 "
E,= émm{Az _AT} = —Zj(%mmzflzj = -25
Also, E, = F - E =E-£::}i
> P K 4 4

= (c¢) is correct.

The total mechanical energy of a spring-mass system in

1
simple harmonic motion is £ =—2-mm2A2. Suppose the

oscillating particle is replaced by another particle of
double the mass while the amplitude 4 remains the same.
The new mechanical energy will _

(a) become ZE (b) become FE/2

(c) become ~2F (d) remain £

2

1 1 (),

In (@) : E= —mw?d? = —m|,|—| 4
Soln (g} 2mu) 3 L - J

E = —kA?

o=

Total energy depends on & of spring and amplitude
A It is independent of mass.

Starting from the origin, a body oscillates simple
harmonically with a period of 2 s. After what time will its
kinetic energy be 75% of the total energy?

@ 5 () 1

I 1
(© s @ 3.
Solm. (b} : During simple harmomic motion,
Kinetic energy
1

2 1 2
=—mv- =—m (aeCcos wrf
5 v = ( )

Total energy F = é—maz @’
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(Kinetic energy) = T(Y) (E)
or -;mazw cos® of =lz)—50x42—ma o
or cos? ot = % = cosot = i} = cos%
or=7
O e e T EER T T T 6

SIMPLE PENDULUM

The time period of a simple pendulum is given by

T=2'n:\/z:
g

where L is the length of the pendulum and g is the
acceleration due to gravity.

Time period of a simple pendulum is independent of
mass, shape and material of bob and it is also
independent of the amplitude of oscillation provided
itis small.

Time period of a simple pendulum depends on L as
T ocxﬁ:, so the graph between 7 and L will be a
parabola while between 7% and L will be a straight line.
Time period of a simple pendulum depends on

acceleration due to gravity as T oc(l /\/g) With
increase in g, T will decrease or vice versa.

Ifthe length of a simple pendulum is comparable with
the radius of earth (R)), then time period T is given by

T=2n {ﬁ
fei+s)

where R, is the radius of the earth.

Special cases :

o IfL<<R, then

=6
- ﬁ=2n\[6'4’“0
g 9.8

O IfL=R, then

6
T=2 6.4 x10°
2 x 9.8
The simple pendulum havmg time period of 2 s is called
second pendulum.
If a simple pendulum is suspended in a lift and lift is
accelerating downwards with an acceleration «, then
its time period is given by
L
g-a

=84.6 min

T=2n

If a simple pendulum is suspended in a lift and lift is
accelerating upwards with an acceleration a, then its
time period is given by

T=2n [L—
\g+a

If a simple pendulum is suspended in a lift and the lift is
moving upwards or downwards with constant velocity v,
then it time period is given by

T=27IZ\[Z
8

If a simple pendulum is suspended in a lift and lift is
freely falling with acceleration g, then its time period is

given by
T:Zﬂ\/ L =00
g§—¢&

If a simple pendulum is suspended in a carriage which
is accelerating horizontally with an acceleration a, then
its time period is given by

T=2n |
'\((\/g +a%)

If a simple pendulum is suspended from the roof of a
trolley which is moving down an inclined plane of
inclination 6, then the time period 1s given by

If a simple penduium whose bob is of density p
oscillates in a non-viscous liquid of density o(c < p),
then its time period is given by

If the simple pendulum has charge g and is oscillating
in a uniform electric field E. which is

In the direction
ofg

Opposite to g Perpendicular to g

Electrostatic force

Electrostatic force | Electrostatic force

gF is opposite to
the force of
gravity mg, then
time period is
given by

I5
gE
m

Tr=2n|

gFE is in the
direction of force
of gravity mg,
then time period
is given by

T=2n LE
g+
m

gE is perpendicular
to force gravity mg,
then wime period is

given by

EXPRESSIONS FOR TIME PERIOD OF SOME SIMPLE
HARMONIC MOTIONS
o Conical pendulum : The time period of a conical

pendulum is given by

Lcos®
TzZK—I—
: Vs

where L is the length of the string and 6 is the angle
which the string makes with the vertical.

e  Torsional pendulum : The time period .of a torsional
pendulum is given by
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{
= 27—
e
where 7 is the moment of inertia of the disc
suspension wire as axis of rofation and
restoring torgue per ualt twist,

abouy the

~

L is the

mr
C - I
Z
where 7 18 the radius, 7 is the length
moduius of rigidity of a wire respectively:

and 1 15 the

¢ Liguid im U-tebe ¢ The tiine period of oscillation of 2
liquid in U-tube is given by

My o
o L 13;
T=2m, i—=1n,—
V2g ( £

where L = length of liquid colurmn in 3 Thtabe,
5 = height of liquid columnn 73 each lmnb of U-tube
Also k=12
©  Fleating cybnderin aliguid : The time period ofvscillation
of floatkag cylindsr in a liguid is given by

where m is the mass of a eyiinder, £ is the area of cross
section of a cylmd,l. c}‘ is the density of a liguid

x‘g 8’
where j7 is the hsigh’f of gylinder of density g and g i
the density of 2 }iguid in which cylnder is ficating, "
is the height of ihe cylinder inside the Henuid.
¢ Time period of LC oscillations of a circait containing
capacitance T and inductance £ is given by
T =22J1C
s Ifa wire of length L, ares of cross-saction 4, Young's
modulus ¥ is siretched by suspending 2 mass #1, then
the mass can oscillate with time period
T = 2, ;n’u’
HY A
e Ifa gas 1s enclosed in a cyiinder of volume ¥ Stted
with piston of cross section area 4 and mass &4 and
the piston is slightly depressed and released, the piston
can oscillate with a time period
;MV
V342
where £ is the bull modulus of elasticity of the gas.

T=2r

A& simple pendulum is set ap on a treiley which slides

down a fictisniess inclined plane making an angiec 9
with horizontal. The time period of pendulum is
) ; - fcos®
(@) 2m |— o 2 ]-
Vg Vg
e -
o T f i
(IR By (d Zm, /W
«158"%5 9 ’ Yeg(l-cosd

H
i

[@%]
3
(<]

Soin. (¢} 2

A s il g gl g}

Nl

_T
foh

| f %
. b p/ N
! [ ?\ ép‘é mem s B gt B

At eguilibrium, inside the trolley,

Tension = mg cos &

Hence effeciive ¢ = g cos €
[ | Se—
|1 ;1

F o E'rce,m; = 2n j———
Vg {geoss

A simple pendulum is suspended from ths roof of 2

wrolley which meoves im a horizontal direction with an
acceleration e. Thes the time period is givea by 7' =
!5 7
12 s T
anf—j where g is equal to
£ &
{a} # (t) g~ a
; 7 iz 2
{c) £+ a B yg o
['g
Seln. (d} : | £y
i }“f
¥
¥

<

g z

A simple pendulum of length /| has a tirme period of 4 s
and amother simple pendulum of iength /, has a time
period 3 s. Then the time period of another pendulum of

leagth {{, ~ 1) is
Ea) \,[3—5 :b} ls
i3
© g: ) f7s
—
P . 4g
Soln. (&} 145 = 28,/— er ], = —
Ve B
i 9
3 s o= :«.)»Jx,lfm ar L s e
Vg 2 4’
o f o ’g
& ~ 5
gz —4L) = “c“"«“' d‘"‘“‘“?] = R
- wL % 47"
f( e .
T o & o) 2 }’W & "
o= e ’ - :WA” ) = f’?s
Y oog YA g ¥
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UNDAMPED AND DAMPED OSCILLATIONS

Undamped oscillations : When a system oscillates with
a constant amplitude which does not change with time,
its oscillations are called undamped oscillations.

The encrgy of the system executing undamped oscillations
remains constant and is independent of time.

The dissipative forces (i.e., frictional or viscous forces)
are not present in the system executing undamped
oscillations.

Damped oscillations : When a system oscillates with
a decreasing amplitude with time, its oscillations are
called damped oscillations.

The energy of the system executing damped
oscillations will go on decreasing with time but the
oscillations of the system remain periodic.

The dissipative forces or damping forces are active in
the oscillating system which are generally the frictional
or viscous forces.

The damping force is given by F), = —bv,

where, v is the velocity of the oscillator and b is
damping constant. Negative sign shows that damping
force acts opposite to the velocity at every moment.

* The Sl unit of & is kg s

The differential equation of damped harmonic oscillator
is given by
d®x  dx

”IF-‘- ba‘i’kl’:[]

The displacement of the damped oscillator at any
instant ¢ is given by

x = Ae 7™ cos(w't + ¢)
where o’ is the angular frequency of the damped
oscillator is given by

_ "’k_ b?

\m 4m®
If the damping constant b is small, then " = ¢), where
¢ is the angular frequency of the undamped oscillator.
The mechanical energy £ of the damped oscillator at
any instant ¢ is given by

©

E= % KAZem

Maintained oscillations : Due to the damping forces,
the amplitude of oscillator will go on decreasing with
time. Ifwe can feed the energy to the damped oscillatory
system at the same rate at which it is dissipating the
energy, then the amplitude of such oscillations would
become constant. Such oscillations are called
maintained oscillatons.

FORCED OSCILLATIONS AND RESONANCE

Free oscillations : When a system oscillates with its
own natural frequency, without the help of any external
periodic force, its oscillations are called free oscillasions.
Forced or driven oscillations : When a system
oscillates with the help of an external periodic force,
other than its own natural angular frequency, its
oscillations are called forced or driven oscillations.

The differential equation of forced damped harmonic
oscillator is given by

d>x | dx
— +b—+kx=FE
m 7 + bdt +kx = Fy cosayt
where ®, is the angular frequency of the external force.
The displacement of the forced damped harmonic
oscillator at any instant ¢ is given by

X = Acos( 4 + 0)

F

where A = g
(m*(0* - ©3)? + 026 P2

5
= 2

2 2v2 (_‘241_7) :l
m[(m ®z)° + kn:
and tan¢=
®4X9

where o) is the natural angular frequency of the
oscillator, x, and v, are the displacement and velocity
of the oscillator at time ¢ = 0, when the periodic force is
applied.

Resonance : It is the phenomenon in which a system is
made to oscillate by external force whose frequency is
equal to the natural frequency of the system. At resonance,
the amplitude of the system is maximum. It is a special
case of forced oscillation.

Condition for resonance is ® = @,

WAVE MOTION

It is a kind of disturbance which travels through a
material medium (having properties of elasticity and
inertia) on account of repeated periodic vibrations of
the particles of the medium about their mean position,
the disturbance being handed on from one particle to
the adjoining particle and so on, without any net
transport of the medium. It transports both, energy
and momentum without the transport of matter.

Types of Waves

Waves can be classified into following three
categories :

O Mechanical waves

O Electromagnetic waves

O Matter waves

Mechanical waves : These waves require a medium for
their propagation. e.g., water waves, sound waves,
seismic waves, etc. Sometimes mechanical waves are
also called elastic waves.

Electromagnetic waves : These waves do not require
any medium for their propagation. e.g., light waves, X-
rays, micro waves, etc. All electromagnetic waves wavel
through vacuum at the same speed ¢ (¢ =3 x 108 m s°%)
Matter waves : These waves are associated with
moving particles of matter like electrons, protons,
neutrons, atoms and molecules. These waves arise in
quantim mechanical description of nature. These
waves are also known as de Broglie waves.



